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ABSTRACT 


The  following  paragraphs  contair  a  summary  of  the  significant  accomplishments 

generated  during  the  course  of  the  contract  effort. 

o  Part  I,  which  covers  the  work  dealing  with  testing  of  closed-cell  foams, 
has  resulted  in  the  characterization  of  compositions  which  produce  rigid 
foams  for  use  in  galley  structure  applications. 

o  The  same  effort  has  shown  that  the  density,  compressive  strength  and 

shear  strength  of  the  foams  are  directly  related  to  the  concentrations  of 
the  microballoons .  The  same  properties  are  also  directly  related  to  the 
resin  loading. 

o  Prototype  samples  of  rigid  closed-cell  foams  meeting  the  requirements  of 
the  program  have  been  submitted  to  NASA,  LB  Johnson  Space  Center. 

o  Part  II,  which  was  undertaken  to  investigate  apparatus  to  produce 

polyimide  foams  using  foam-in-place  techniques,  has  resulted  in  the 

selection  of  a  spray  gun  apparatus  capable  to  deliver  a  mixture  of 

microballoons  and  resin  binder  on  sabstratea  which  cures  to  yield  a 
closed-cell  foam. 

o  The  adhesion  of  the  foam  on  aluminum,  titanium  and  steel  substrates  has 
been  found  to  be  excellent. 

0  The  material  meets  the  mechanical  and  thermal  requirements  of  the 

program. 
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Protected  Under*  ^  vcr  *. 

ec.  552Cb)(4)j  14CFR  Sec.  1206.300(b)(4). 


PROGRAM  SCOPE  AND  OBJECTIVE 


I  covers  the  vork  dealing  vith 
Part  II  covers  the  development  of  a  spray  ^pprat^s 

PART  I 


Thxs  progrfini  Has  been  uridpTt'nlroTi  ^rv  • 

closed-cell,  rigid,  foams  for  use  in  carRoTav^fr*  and  select 

‘•ures  of  commercial  aircraft  Thp  e,  •  ®  Panels  and  galley  struc- 

fabrication  of  these  materials  sW°J  program  was  tL 

flammable  products  presently  used  in  aircraft  inJerL/sT 

ives  of  the  Work**Plant”*  which  define  the  general  objec- 

stoaes  is  shown' in^Figur^l/^^  various  tasks  of  the  program  end  theic  mile- 

2t io  ^Mch^falor  wVwith  %Sr  tile^s^'T^  including  BTDA-oroimine 
mechanical  properties.  ^  closed-cell  content  and  best 

thT  dYan^^e^is'^done  "by  tktV in^ 'c^^s'd 

properties  of  the  foam,  associated  be:it"^^  -  t’^™l 

Task  III  is  the  study  of  processes  to  produce  closed-cell  foams. 

Task  IV  covers  the  processes  to  produce  closed-cell  foams  by  syntactic  meth- 

Stimu^rteH^f  whfch'vas  TcaUd-ut  f by  selection  of  the 
NASA-LB  Johnson  Space  Center  (Task  ViL  samples  for  evaluation  by 

cary  to  report  th^^^r^Vam  ^taTus^and"^^^  covers  the  effort  neces- 

tation  to  acquaint  NASA-LB  Johnson  Lace^r*^^!  ®  midterm  and  one  final  presen- 
progress  of  the  program.  ^  enter  technical  personnel  with  the 


I-l-l 


Figure  1  -  PROGRAM  SCHEDULE 


Protected  Dnder:  5  VSC  Sec.  552(b)(4):  14CFR 


Sec.  1206.300(b)(4). 


BACKGROUND  AND  PROGRAM  APPROACH 


2.1 


Discussion  of  the  Proposed  Program  -  General  Approach 


This  prote.-.s  produces  a  pSlvLic  c  t  in  an  inert  solvent, 

solvent  and  application  of  addition;^!  h  after  evaporation  of  the 

.ith  co„pi«o'^Lid.LtL  to'rt^ 

structure  as  shown  below:  molecular  weight  polyimide 
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In  a  second  method  of  preparing  conventional  polyimide  resins  the 

op%“!=a  r«ll"thiST.  it  p-e?'« 

of  spacecraft  and  aircraft  applicati^rCRef 


Chem-tronics'  novel  polyimide  technology  offers 
and  foaming  polyimide  resins  by  the  use  of  a 
yields  foams  with  a  closed-cell  structure. 


a  new 
unique 


isethod  for  processing 
reaction  scherae  which 


further  reacted  with  aromatic  diaminefi'  in  ™  bisimide  monomer  which  is 

polymerized  to  an  imide  by  an  exchant>  sn  inert  or  reactive  solvent  and 
sch^e,  ^  exchange  reaction  as  shown  in  the  following 


0  0 

•»  m 

c  c 

n  HCO:  -  -  (DOH 

c  c 

19  • 

0  0 

n  HjN  .  R'  . 

i 

—  0  0  _ 

m  m 

c  c 

—  —  #•  -  — —  ■* 

c  c 

•  '  « 

0  0 

^2^^  -  0<2  *  •  ^2  • 
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Various  types  of  solvents  can  be  used  in  the  Chem-t tonics' 
different  finished  products. 


process  to  yield 


Specially  formulated  liquid  resins  made  by  the  Chem-tronics  process,  when 

frlhir  evaporation  of  the  solvent,  give  free  flowing  powders 

a  le  at  room  temperature.  These  powders  when  heated  in  an  oven  at  specified 
^emperature  are  converted  into  foams  possessing  a  closed-cell  structure  (Ref. 

The  cell  structure  of  the  foam  is  controlled  by  the  reactivity  of  the  starting 
powder  and  by  the  processing  conditions.  When  the  condensation  reaction  is 
at  a  temperature  in  the  range  of  148. (300°?)  the  powder  resins 
foam  and  cure  without  excessive  formation  of  volatiles.  The  cell  walls  of 

temperature  have  a  tendency  to  stretch  rather 
than  break,  and  closed-cell  foams  are  obtained. 

closed-cell  foams  is  available  in  the  Chem-tronics 
Research  Laboratories  on  a  pilot  plant  scale. 

approaches  to  the  fabrication  of  closed-cell, 
t(r,n  P®lyi®ide  foams  from  specially  synthesized  resins  followed  by  selec- 
panels  ^  meeting  the  requirements  for  use  in  cargo  bay  and  galley 


Protected  Under:  5  VSC  See.  552Cb)(«):  14CFR  Sec.  1206.300(b)(4). 


experimental  procedures 


preparation  of 

3.2)  «.d  clos.d-c.U  ,.r 

3.1  th.  ti,uU  P«I,i.u, 

Benzophenonetetracarboxylicacid  dianhydride  (BTDA)  «nA  •  • 

product  were  added  to  200  ml  of  alcohol  «nA  ft  oxoiinine  reaction 

placed  in  a  circ^Utin^^a'/r  "ven^fhe^t^d  at  76^600**  a7oW?^  ""ih^ 
maintained  at  these  conditions  for  10-12  hours.  *  resin  vas 

stored  for  further  processing.  ^  ^  collected  and 


Closed-Cell  Polyimide  Foam  by  Direct  Methods 


poiLV'^x^°T^°  microw“av‘l"'oven"a^  Jotet^  o/ ew'^^o/ 

32-8rkg7m3"(2%  Tb/ft3Y;"‘*  “  consolidated  structure  havingTde7s‘ity 


3.3  Closed-Cell  Polyimide  Foams  by  Indirect  Methods 

pl.crf  in'  .  „'n“d'  “tnd''pri^°er!”'' 

dnnJuJ.  '™p’n.trvn“t:tn„;t’n“‘n‘d  rtV.7“.tV,8 

“.i”*  the  prccdn,.  d..„ib,d  i. 


1-3-1 


Protected  Under:  5  VSC  Sec.  552(b)(4);  14CFR  Sec.  1206.300(b)(4). 


EXPERIMENTAL  RESULTS 


This  section  covers  the  work  carried  out  to  characterize  and  select  closed- 
cell  rigid  foams  meeting  the  requirements  for  cargo  bay  floor  and  galley  core 
Mterials  and  starts  with  studies  of  the  reaction  (Section  4.1)  followed  by 
homopolymerization  studies  (Section  4.2)  closed-cell  foams  by  direct  methods 
(Section  4.3)  and  closed-cell  foams  by  indirect  methods  (Section  4.4). 


4.1 


Task  I  -  BTDA-Oxoimine  Reaction  Product  Study 


The  objective  of  this  task  was  to  evaluate  the  effect  of  the  BTDA-oxoimine 
eSu  foLs^""  mechanical  and  physical  properties  of  rigid  closed- 

The  balloons  obtained  from  these  resin  compositions  were  evaluated  for  densi- 

The  “v  yield.  Figure  4-1  shows  the  effect  on  density. 

The  density  of  the  balloons  decreases  almost  linearly  as  the  BTDA  oxoimiL 

i»  ■»  .luninu. 

"i™  of  th7po.V„  ““i”.!  “  “  high  teop.„f„re  to  c.o.o  ..p„- 

The  results  obtained  from  this  study,  are  shown  in  Figure  4-1, 


4.2 


Task  II  -  Homopolymerization  Studies 


involves  the  study  of  compositions  prepared 
with  different  aromatic  diamines.  These  diamines  were  selected  taking  into 
consideration  their  effect  on  the  thermal  properties  of  the  Lterials  Ind 

Because  of  these  limitations  only  the  following  aromatic  diamines  were  evalu- 


p.  phenylene  diamine 
m.  phenylene  diamine 

4.4  diaminodiphenyl  sulfone 
4,4*  diaminodiphenyl  ether 
2,6  diamino  pyridine 

2.4  toluene  diamine 

4,4*  diaminodiphenyl  methane 


The  resin  compositions  under  study 
ess  reported  in  Section  3.1. 


in  this  task  were  prepared  using  the  proc- 
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Protected  Under: 


5  VSC  Sec.  552(b)(4);  14CPR  Sec.  1206.300(b)(4), 


-ere.  4.4*  dia^ino- 

f^r'^reSuoYof 'tr 

foams  studied  in  this  program.  ^  eparation  of  the  resins  and 

SrLlp‘^p^event7nm“ru7^  the  growing  bubbles 

The  surfactantB  tested  were  Fluorad  All  ("3  u  j  ^ 

in  concentrations  of  0.5U  to  I.OZ^  but  t W  H  (DuPont) 

of  the  product.  ’  7  did  not  improve  quality  or  yield 


Task  III  -  Closed-Cell  Foams  by  Direct  Methods 
Micro..,.  ... 

cavuj'at  ^poief  outp;;'t"ofT-i\w  ol^'in  ^  Placed  in  a  microwave 

204-232OC  (400-450OF).  or  in  a  thermal  oven  at  a  temperature  of 

fl  short  period  of  exnosurp  v  •2  •  . 

MO.O....O..  =eU.l.r..r.rU?r".:L-\-''Vi/r.Lt.%.\^^^ 

P^ocr8s‘'u8'e‘d.^'*''’'®‘^°°  material  of  construction  depends  upon  the  foaming 

of  closed-cen  foams  have  been  found 
heating  time.  ^  resins,  powder  loading,  heating  rate,  and 

For  the  studiL  carried°ourirthL’’ta8k^thrr° the  composition  used, 
as  discussed  in  Task  I.  compositions  were  prepared 

•  '-‘—u 

to  64  kg/m3  (4.0  Ib/ft^)  and  a  r  ^  i“_the  range  of  40  kg/m^  (2.5  Ib/ft^) 
137.8  X  103  N/m2  (10-20  psi).  Thrva^s'If  ‘I*®  of  68.9- 

the  minimum  requirements  for  galley  or  cargo^barplneli!^  strength  do  not  meet 

fille“rs'i;j;;din"8Tirei:!  mlcrXlloons^'S;"”" 

powder  or  resin  system,  ®inerals  which  are  added  to  the 

selves  to  addit7o^n“of  ^reinforcementrb*'''^'*  °ot  lend  them- 

procesa  and  with  the  formation  of  a  closed-cell  s7ruc”tu«^"^ 
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methods  wuld‘'°“orreTeariir^lproverwii^^^^  foams  produced  by  direct 

effort  of  this  task  vas  terminated?''  P^°Sram.  the 


4.4  I’  -  Closed-Cell  Foams  by  Indir^ethods 

by  adhe?ive??\?nd?nT?ic^ro?a?roo?(^^  closed-cell  foams 

vL???n?e'V;en:?y1ba7act«  closed-cell  foams  with  a 

the  microbe lloon??^''^^  °  determine  the  optimum  cure  temperature  for 

approximate^^  48?g/“f  (f  lb/ft3)  trs^T/J t?)  l^early  from 

was  increased  to  232.20c  (ASOOp).  Ib/ft  )  when  the  temperature 

‘‘1' o«.»d 

ularly  for  the  cargo  bay  core  material  "whiVh  important  partic- 

of  4.1  X  106  N/m2  (600?si).  Therefore^  requires  a  compressive  strength 

Other  fillers  in  combination  with  thf  mi^oban  ''  ''"•'  -vitiated  to  evaluate 
this  property.  microballoons  in  an  effort  to  improve 

eia?u?tt?y?ddTt?o’n  t^^^e'l^c^olL^o?:.^'  ^ 

the  olosed-cell  ^o^^rns^*  i??ho^^°g“®  bTcau”^^^^  compressive  strength  of 
spectively.  Sraphically  m  Figures  4-2  and  4-3,  re- 

micro?a?Lo??o?d?ng°as‘?h?w^^  H.  affected  by  the  glass 

d??e?d?n??n?h?t?e?;actTVon?'^^^^^^  studied  in  this 

on  the  balloons  surface  to  volume  ratio,  between  each  balloon  and 

shows  the  ?ela^tionSip^?e?w?e?“6he?r‘'?t?e^nKtr  r  “ 

glass  microballoon  concentration.  ength  of  the  syntactic  foam  and  the 

Hnde|?oadtng?n?he°fii^t  p7orc??infrbLer  tbe  resin 

interfacial  bond  strength.  binder  loading  contributes  to  higher 

This  relationship  is  shown  in  Figure  4-5  whor^o  ^u 

syntactic  foam  increases  almost  linearlv  wJj  of  the 

tent.  Similarly,  the  density  and  th«.  /  increase  in  the  resin  con- 

dependent  on  the  resin  binHpJi  compressive  strength  of  the  foams  are 

respectively.  "®  loading  as  shown  in  Figure  4-6  and  Figurr4-? 


T-A-1 


er:  5  VSC  Sec.  552(b)(4);  UCFR  Sec.  1206.300(b)(4), 


Protected  Und 


The  density  and  compressive  strength  of  the  foams  produced  at  the  ratios  shown 

several  compositions  were  selected  for  fabrica¬ 
tion  of  prototype  samples  of  galley  core  materials.  taorica 

the^R^^^-f  reported  previously  these  foams  did  not  meet 

the  specifications  for  cargo  bay  core  materials. 

A  new  method  to  produce  cargo  bay  core  materials  was  investigated  bv  reinforc- 

C.U.  with  lo!;  d.h.it/®l"„b.ll‘<,o/s'.  '  “P 

The  use  of  short  glass  fibers  blended  in  the  resin  was  then  investigated  to 

ZllT»  ‘jL'.TrV'T  w'"?""  “  Pk'  l-d.tTos'ible 

bon.ycLb  i,  shown  i„  Figwv' 4-8.“  "  “■'  ""Ptdb»ivs  stroogtb  of  tho 

an  c  addition  of  glass  fibers  to  the  resin  was 

rease  o  the  density  of  the  honeycomb  which  relates  directly  to  the  com- 
press...  sttongtb  .s  showo  i„  Figor.  Po.u.io.r,  d.H  .Iso  show  ?S« 

achieved  at  a  density  of  approximately  192-240  kg/m^  (12-15  Ib/ft^). 

A. 5  Task  V  -  Testing  and  Selection 

d^Jing^thP^^^  this  task  was  to  screen  out  potential  candidates  developed 

»ate3al  meetTn?'..  candidate  core 

terial  meeting  the  requirements  for  galley  and  cargo  bay  core,  respectively. 

r^rtlLt^^Tot^''eacl;%frh"'''"'.^^  minimum  functional 

frorth!  C  f  c  !v  candidates  identified  testing  was  carried  out 

S:  ft  progr  JUu.""*'*’  ''''  ““  i” 

The  most  etitical  properties  for  the  galley  tore  material  were  shear  strentth 
aad  compress...  stre.gth,  resp.c.i.ely  aad  deasity.  The  process  .“ployed 


BTDA  OXOIMINE  REACTION  PRODUCT,  concentration 
Figure  4-1 

Effect  of  BTDA-oxoimine  reaction  product  on 
density  of  microballoons. 


Protected  Vnd 
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vLAss  microballoon,  X 

Figure  4-2 
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CLASS  mcmsALLms.  z  b.„d  on  totm  .oUds 
Figure  4-4 
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RESIN  LOADING,  Z 


Figure  4-5 


Effect  of  Binder  Loading 
Closed-Cell  Foams. 


on  the  Shear  Strength  of 


COMPRESSIVE  STRENGTH 


■  ■'  '  ' 


2  —5 

N/m  X  10  psi  Protected  Under: 

47.6 -f  700 


5  VSC  Sec.  552(b)(4);  UCFR  Sec.  1206.300(b)(4) 


40.8  I  600 


34.0  I  500 


27.2  400 


20.4.  300 


13.6  200 


6.6  100 


Oi-  rC.:, 


glass  FIBERS,  Z  based  on  total  solids 
Figure  4^8 

Effect  of  glass  fibers  on  the  compressive 
strength  properties  of  honeycomb. 


Protected  Under:  5  VSC  Sec.  S52(b)(4);  UCFR  Sec.  1206.300(b)(4). 


RESULTS  FROM  WEBER  AIRCRAFT 
Table  I 


Shear  Strength 

Sample  #1 

Sample  #2 

N/m2  (psi) 

Compressive  Strength 

3e4  X  105  (49) 

3.9  X  105  (56) 

N/m^  (psi) 

Density 

kg/ia^  (ib/ft^) 

6e6  X  105  (96) 

7.5  X  105  (109) 

72  (4.5) 

84  (5.3) 

eectiro  .ere  tke”'*°evaruatri°°fot  ° 7u“pbyl*Ml  ’’”me“ch'aoic“i 

S"o',‘rVe  a?«.""“S..^-'%re%“'1 

”.eS:f  r-  r^beTr'Aot 


core 


(3 
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GALLEY  CORE  MATERIAL 
Table  II 


PROPERTY 

TEST  METHOD 

UNITS 

SPECIFICATION 

Weight 

D-1564 

kg/m^ 

88.0 

Ib/ft^ 

5.5  max 

Compressive  Strength  MIL-STD-401 

N/ta^ 

6.2  X  105 

psi 

90  min 

Shear  Strength 

C-273 

N/m^ 

3.4  X  105 

psi 

50  min 

Oxygen  Index 

D-2863 

Z  oxygen  to 

42  min 

sustain  combustion 

Smoke  Density 

E~662 

DS 

30  max 

Thenaal  Degradation  Weight  Loss  at  400°? 

2040c  11  max 


T_/.  •• 


c» 
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CARGO  BAY  CORE  MATERIAL 
Table  III 


PROPERTY 

TEST  METHOD 

UNITS 

SPECIFICATION 

Density 

D-1564 

k/m^ 

96 

Ib/ft^ 

6  max 

Compressive  Strength 

N/m2 

4*1  X  10^ 

psi 

600  min 

Oxygen  Index 

D-2863 

%  oxygen  to 

45  min 

sustain  combustion 

Smoke  Density 

E-662 

DS 

20  max 

Thermal  Degradation 

Weight  Loss  at  400C>F 

2040c 

2Z  max 

1-4-16 


Protected  tJnd 
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^•6  Task  VI  -  Sample  Preparation 

panels,  having  dimensions  of  approximately  61  x 
®  each  of  the  selected  galley  and  cargo 

specifications  and  delivered  to  NASA  LB  Johnson  Space^  Center. 

The  material  met  the  requirements 


91  cm  (2  K  3 
bay  material 


established  in  the  preceding  section* 
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f. 

« 


PROGRAM  SCOPE  AKD  OBJECTIVES 


PART  II 

This  program  was  undertaken  to  selecf  fnom  • 

apparatus  to  produce  polyi.ide  foates  using 

8uffLient\uan7itils*'*‘of  Prototype  samplea  and 

NASA-LB  Johnson  Space  Center,  Houston,  Texas.  ^or  evaluation  by 

The  program  consists  of  five  tasks  w>ii/.h  A^f  .1. 

work  plan.  The  work  plan  constitutine  thp  ^  Seneral  objectives  of  the 

their  milestones  is  shown  in  Figure  1.  various  tasks  of  the  program  and 

spraying  a  semi-fluir^mix*ture^^f  ^polyinidf  *  apparatus  for  use  in 

•‘'“tibed  id  T.,k  I  „ 

re,.,.  ..  Odder  .e,ie,e  tcioj  .,d  c/ri^g  f,  ,  K”ne“«ep 

LI  L"’‘ri".i^*eLrid.':°"eLi..d“i,^  ?Lk'’.'v%'’‘"'r”' 

space  Center  as  proposed  in  Task  V,  submittal  to  NASA-LB  Johnson 

Lr?Vo  “:Lr?‘r  td'r/ d*'"” 

presentation  to  acquaint  NASA-LB  Johnenn  c  ®  mid-term  and  one  final 

the  progress  of  the  program!  technical  personnel  with 

months  starting  with*  July° 15°^ 1983!^^  Program  covers  a  period  of  twelve  (12) 


II-l-l 


Protected  Dnder!  5  VSC  Sec.  552(b)(4);  14CPS  Sec.  1206.300(b)(4) 


PROGRAM  APPROACH 


The  investigations  leading  to  the  selection  of  methods  to  produce  foam-in- 

follow  the  approaches  described  in  the  previous  sections 
and  utilize  polyimide  resin  systems  previously  developed.  sections 


The  approach  to  the  development  of  foam-in-place  polyimide  foam 
proceed  with  the  design  and  development  of  a  spr/.y  apparatus 
mixture  of  resin  which  upon  curing  produced  a  foam. 


was  planned  to 
for  spraying  a 


Attempts  have  also 
source  for  spraying. 


been  made  to  modify  the  same  apparatus  by  using  a  heat 
foaming  and  curing  the  resins  oil  metallic  substrates,. 


Protected  Under:  5  VSC  Sec.  552(b)(4):  14CFR  See.  1206.300(b)(4) 


EXPERIMENTAL  PROCEDURES 

the  experimental  procedures  used  to  produce  the  final 


3.1  FoaxD—In—Place  Procedures 

The^foam  obtained  using  this  process  possessed  a  density  of  64-80  ke/m3  (4-5 

““"S  other  polyimide  resins  were  also  undertaken 

approximately  10%  ri0^^^/m^°(l5  psi)  Ind  an°  pressure  of 

537.70c  (lOOOOF)  at  10  cm  (4  incLs)  Lom  tJe  0^  approximately 

lJ%7d'^hr^ho7f  immediate- 

VioXr^ 

St.'”'  “  --- 
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foam-in-place  apparatus 


inks  two  gallon  pot  and  spray  nozzle 
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FOAM-IN-PLACE  APPARATUS  DEVELOPMENT 


PRELIMINARY  TESTING  WITH  SYLVANIA  FORCtD  AIR  HEATER 


Figure  3 

The  Sylvania  forced  air  heater  and  air  pressure  regulator 
used  to  foam-in-place  the  foam  shown  on  stainless  steel. 


11-3-3 
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EXPERIMENTAL  RESULTS 


“i  ..i«t  pro=..... 

•  .ppami.  ,0  ppoVuc.  the  dav.Ipp.e„t  .£ 
composition  (4.1)  followed  bv  tbo  do,  i  ^oam  by  spraying  a  syntactic 
to  foam-in-place  polyimide  resins  (4.2  a°nd”T.3)°^  apparatus 


4.1  Task  I  -  Foam-In-Place  Apparatus  Development 

!:£:™»£=;-‘rn£r;r,r 

the  proces.  ef  predeeieg  fe..ed.i..pi„.  fe.„  ev.le.tiee 

Spray  techniques 

Viscosity  of  the  syntactic  composition 
Adhesion  to  metallic  substrate 

4,1.1  Task  I  -  Design  of  Spray  Gun 

«epee„t_  .pp.^ieg  .p„„£e.,:,  d..ig„pe  eo“s‘ve‘,‘'i.irr.i:c:."?j: 

FiguS‘'2  l'inks^r®“  selected  for  this  application  and  was  shown  in 


4.1.2  Task  I  -  Composition  Studies 

Xo"eT:%t^^re'a\V‘°de"s?g^^^^^^  various 

final  product  with  a  fLoroca^bon  resistance  and  low  smoke  to  the 

high^rate  dTyTnV^cLs^ed^^^br'the^^^  viscosity  on  spraying.  The 

therefore,  composition  was  modified  bv  f  produced  starved  foams, 

high  solvent  extent  wal  fo^Jd  to  L  content.  A 

syntactic  composition  on  the  substrates  ^«y"“P 

to  be  between  172.3  x  lO^  H/mZ  f9«;  ->n  *  m  ®  optimum  pot  pressure  was  found 

about  124  X  103  N/m2  (18  pBi)  optimum  nozzle  pressure 

of  mixture  continuously  wL  tCo 


II--4-1 
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^•1*3  Task  I  -  Curing  Studies 

In  the  execution  of  the  present  task  room  temperature  curing  was  accomplished 
in  all  cases  after  the  composition  was  sprayed  on  the  metallic  substrates 
which  were  held  in  vertical  position.  No  running  of  the  resin  was  noticed  and 
the  mixture  cured  to  a  hard  foam.  The  foam  produced  by  this  process  possessed 
density  characteristics  in  the  range  of  112-128  kg/m3  (7-8  lb/ft3)  a 
compressive  strength  of  103  x  103  -  172  x  103  N/m2  (15-25  psi)  and  a  tensile 
Strength  of  55  x  103  -  68  x  103  (8-10  psi). 


The  foam  did  not  burn  and  possessed  a  limiting  oxygen  index  in  the  range  of 
45-55.  The  evolution  of  smoke  was  determined  using  the  NBS  smoke  chamber  and 
was  lound  to  be  25.  The  thermo-chemical  properties  of  the  foam  are  defined  by 
the  TGA  thermagravimetric  analysis  curve* 


The  foam  composition  did  not  cause  pitting  of  aluminum,  steel  or  titanium. 


4.1*4  Task  I  —  Adhesion  Studies 

The  adhesion  characteristics  of  the  foam  composition  on  carbon  steel,  aluminum 
and  titanium  alloys  were  found  to  be  strong  and  the  foam  was  not  easily 
damaged. 

The  metal  substrates  were  prepared  as  follows:  a)  wiping  with  acetone  and 
allowing  to  dry,  b)  by  first  coating  the  substrates  and  c)  by  cleaning  the 
surface  with  a  paper  towel  to  remove  any  loose  particles.  The  foam  composi¬ 
tion  was  applied  with  the  Sinks  spray-up  equipment  and  the  resulting  foam  was 
teeced  for  cure  and  adhesion* 

No  difference  in  the  adhesion  properties  of  the  foam  material  was  found  to 
exist  between  the  three  mett  .  substrates  or  the  method  of  substrate  prepara¬ 
tion.  The  foam  was  structurally  strong  and  not  easily  damaged. 

Figure  4  shows  three  head-on  views  of  polyimide  foam  mixtures  foamed-in-place 
vitb  the  Binks  system  on  steely  titanium  and  aluminum* 


4.2  Task  II  -  Foam- In-Place  Apparatus  Development  Powder  Process 


It  was  found  that  this  process  requires  the  use  of  a  heat  source  to  start  the 
foaming  process.  Once  foaming  is  initiated  sufficient  thermal  energy  is 
available  for  the  subsequent  curing  step* 


The  key  design  parameters  determined  from  the  preliminary  experiments  were: 
the  hot  air  temperature  and  velocity,  the  rate  of  powder  delivery,  and  the 
distance  between  the  hot  air  nozzle  and  the  metallic  substrate. 


The  optimum  hot  air  temperature  was  found  to  be  between  371-4820C  (700-900®F) 
at  a  velocity  between  90-150  m/minute  (300-500  ft/m).  The  maximum  rate  of 
powder  resin  del ivep  into  the  hot  air  streams  investigated  was  approximately 
20  g/minute  (.04  Ib/m).  A  higher  rate  of  powder  delivery  may  be  possible  with 
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Protected  Coder:  5  VSC  Sec.  552(b)(4):  UCFR  Sec 


1206.300(b)(4) 


Figuie  4 


Head-on  view  of  syntactic  foam  mixture 
with  the  Binks  system  on  carbon  steel, 
aluminum. 


foamed-- in— place 
titanium  and 
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uuaer; 


i4CFR  Sec.  1206 .300(b) U) 


dis\^ance^betJeenThe^hot^Iirnoz%^^"*'d  system  described  above.  The  optimum 
-  (4-6  in)  f:rthe^;st;VhorVn%turr3  LllSl:  approximately  10-15 

shown  in  Figures  5  and  6.  ayatem 

IcriLdTe“^""  experiments  were  carried  out  using  the  heat  gun,  as  de- 


4.2.1 


Task  II  -  Design  of  Spray  Gun 


.  ^  Pressure  apparatus  was  shown  previously  in  Figure  3. 

593.3*0C  {1100OFK''^”he^he^aVing ’rate’^'  which  beats  air  to 

by  .atyibg  the  ah  flow  thrVug\  "V 

for  transfer  of  the  po.fer  or  the  foa.e0  .a’terial  t"the  Lbnrat" 

"e!i.Sr;^r“tV  t:“te^h:”tLept“V  foa.Lt" 

...sed  aa  irregular  c.lloLr  s,r“rorl“”‘°“”  "«wltibg  foa.  pos- 

syftm.  ^  *  bypt'al  foam-in-pleee  sacple  produced  fro«  the  Sylvan 


la 


thermal  energy  was^considLed^to^b*°)h  a  heater  spray  gun  apparatus  with  high 

further  pr've  th“  concept  1  ..r^«  f  »i;PU'»bi<>»-  To 

commercial  space  heater  Thp  m  ^  experiments  were  carried  out  with  a 
is  a  150  000  ntu/h-r  f  *  a  •  ommercial  space  heater  used  shown  in  Figure  5 

.V.  (450' cfm,  of;‘«^"l^tr;h^r/irL.\“ra‘'t'urV;f  1  8^*0 Tmeop’/:"' 
:^?:at'’;*'fro.‘3of '.Tmi^  iiin^ft/;,  v- 

temperature  to  SIS^C  (6OOOF).  °  Wmin  (285  ft/in)  and  the  exit 

Even  at  these  conditions  the  powder  resin  iiiri  j  , 

strong  foam  suitable  for  insulation  of  systems.  a  self  adhering. 

4.3  Task  III  -  Foam-in-Place  Apparatus  -  Liquid  Resin  Process 

Because  of  the  flammability  of  the  solvent  nwoi *  •  • 

carried  out  with  the  Sylvania^  heating  system.  experiments  were 


Protected  Under:  5  VSC  See.  $52(b)(A);  14CFE  Sec.  1206.300(b)(4)  ‘ 


POWDER  PROCESS 


I 

Universal  Model  150  FA  Propane  Heater 


Figure  5  Figure  6 

The  Universal  forced  air  propane  gas  Universal  forced  air  heater  with 

heater.  conical  section  used  to  reduce  the  heat 

flux. 


I 
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300(b)(4) 


F'igure  7 


Head-on  view  of  powder 
Sylvania  system. 


resin  foamed-in-place  with  the 
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process  was  rejected.  °  ^  difficulties  the  liquid  resin 


A. 4  Task  IV  -  Testing  and  Selection 


The  most  important  objective  of  this  task  wa<!  tn 

in-place  a  polyimide  resin  an  apparatus  to  foam- 

process  selected  was  that  based  on  mi 

to  deposit  the  syntactic  composition.  The  Pnd°  system  using  a  spray  gun 

properties  reported  in  the  following  tnhl  of  this  process  has  the 

program.  following  table  together  with  the  goals  of  the 


froteeted  Under:  5  VSC  Sec.  552(b)(4)j  UCF»  Sec.  1206.300(b)(4) 


Table  1 


Material  Property  Specifications  for 
VS,  the  Program  Goals* 


the  Foam-in-Place  Composition 


selected 


PROPERTIES 

PROGRAM  GOAL 

RESULTS 

Density 

80  kg/m^ 

(5  lb/ft3) 

136  kg/m3 
(8.5  lb/ft3) 

Tensile  Strength 

34  X  103-654  x  103  K/in3 
(5-95  psi) 

62  X  103  N/m2 
(9  pai) 

Compressive  Strength 

110  X  103  -  413  X  103  N/m2 
(16-60  pai) 

144  X  103  u/ni2 
(21  psi) 

Service  Temperature 

-780c  to  +2740C 
(-llOOp  to  ♦  525®F) 

-780c  to  +  2320C 
(-HOOF  to  +450OF) 

Corrosion 

No  Pitting 

No  Pitting  on 
Aluminum  or  metal 

Limiting  Oxygen  Index 

40 

50 

Smoke  Density 

30  -  50 

25 

Thermo-Chemical  Propert 

ies  No  lo8B  below  204®C 

(400OF) 

less  than  IZ 
(water) 
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